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ABSTRACT 

Tests have been conducted i n  a laboratory hot cyclone t o  obta in  an es t imate  of 

t h e  temperature below which spher ica l  g l a s s  p a r t i c l e s  do not form a f i rmly  at tached 

deposi t .  A temperature of 800' to  85OoC, corresponding t o  a v i s c o s i t y  between 6.3 X 
lo5 and 2.9 X IO6 poises ,  as  ca lcu la ted  from the composition of the  g l a s s ,  was 

found. We take t h i s  v i s c o s i t y  t o  be approximately t h a t  of coal  ash above which 

p a r t i c l e s  w i l l  not  depos i t  i n  cyclones of fluidized-bed coal  g a s i f i e r s .  

INTRODUCTION 

A cyclone operat ing a t  temperatures near those of the  f l u i d i z e d  bed of the 

r e a c t o r  has been used i n  the g a s i f i e r  of the  U-GAS" p i l o t  p lan t  t o  remove en t ra ined  

char  p a r t i c l e s  from the  product gas and re turn  them t o  the bed. E s s e n t i a l l y  pure 

coa l  ash has  been found t o  deposi t  i n  t h i s  hot cyclone (1). The depos i t s  have been 

analyzed c h e d c a l l y  and examined by o p t i c a l  and scanning e lec t ron  microscopy. 

Ferrous s u l f i d e  is  responsible  for  deposi t ion under adverse condi t ions,  but 

depos i t ion  of i ron-r ich fe r rous  a luminos i l ica tes  is  the  more ser ious  problem. I n  
depos i t s  from Western Kentucky coal ,  f o r  example, the  s e l e c t i v e  deposi t ion of high- 

i r o n  s i l i c e o u s  p a r t i c l e s  is indicated by an Fe2O3/Al2O3 r a t i o  (ca lcu la ted  a f t e r  

excluding the  iron cont r ibu t ion  of i r o n  s u l f i d e )  ranging from 2.2 t o  4.6 i n  the ash 

of depos i t s ,  compared with a r a t i o  of 1.2 i n  t h e  ash  of the  coal .  

temperature (which.equals p a r t i c l e  temperature) and c y c l o n e v a l l  temperature on the  

depos i t ion  of such p a r t i c l e s  was s tudied i n  a laboratory hot cyclone i n  the  

l a b o r a t o r i e s  of the Mechanical Engineering Department of t h e  Universi ty  of Wisconsin 

a t  Milwaukee (1,2). 

p lan t  deposi ts .  

t h e  p a r t i c l e s  do not form a f i rm deposi t ,  is about 9OO0C when gas and wal l  

temperatures are equal. 

The e f f e c t  of gas 

The p a r t i c l e s  used i n  these  t e s t s  were prepared from p i l o t  

The r e s u l t s  indicated t h a t  t h e  borderl ine temperature, below which 
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We envis ion t h a t  t h e  mechanism of deposi t ion involves viscous or p l a s t i c  flow 

following c o l l i s i o n  of p a r t i c l e  and deposi t ion surface to  c rea te  a neck exer t ing  

enough sur face  tens ion  t o  prevent rebound. We consider t h a t  the main cause of flow 

is impact. Flow dr iven  by sur face  tension,  as  postulated by Raask (3 )  f o r  

deposi t ion of coal  ash  on hea t  exchange sur faces  of b o i l e r s ,  c o n s t i t u t e s  an 

addi t iona l  mechanism leading  t o  f i rm adhesion. Deposition a t  the i n l e t  impingement 

a r e a  in t h e  labora tory  hot cyclone t e s t s ,  massiveness of depos i t s  a t  regions of high 

gas ve loc i ty  and a c c e l e r a t i o n  in or  near the  p i l o t  p lan t  cyclone, and v i r t u a l  

absence of depos i t s  a t  low-gas-velocity regions of the g a s i f i c a t i o n  reac tor  a l l  

ind ica te  t h a t  impact of deposition-prone p a r t i c l e s  plays an important r o l e  i n  the 

mechanism. 

For both mechanisms. however, the e f f e c t  of temperature on deposi t ion can be 

a t t r i b u t e d  t o  change i n  v i s c o s i t y ,  as  sur face  tension does not vary much with 

temperature. I n v e s t i g a t i o n  of the  e f f e c t  of v i s c o s i t y  with ash p a r t i c l e s  Is 
d i f f i c u l t ,  because l i t t l e  is known about the  v i s c o s i t i e s  of iron a luminos i l ica tes  

and ferrous s u l f i d e  a t  temperatures from 850' t o  1O5O0C and, i n  any case, the  ash 

p a r t i c l e s  vary i n  composition and presence of high melting phases. Therefore. we 

have chosen t o  use g l a s s  spheres as  a homogeneous model mater ia l  of known v iscos i ty  

f o r  the s tudy of deposi t ion.  We report  here  a few r e s u l t s  of a prel iminary nature. 

EXPERIMENTAL 

The t e s t  apparatus  c o n s i s t s  of a na tura l  gas burner t o  provide hot f l u e  gas, a 

dus t  feeder ,  and a 9.68-cm I D  cyclone (Figure 1) .  Calculat ions i n d i c a t e  t h a t  the 

residence time of p a r t i c l e s  i n  the  hot f l u e  gas is s u f f i c i e n t  t o  heat  the  p a r t i c l e s  

t o  the  temperature of t h e  f l u e  gas a t  the cyclone entrance. The i n l e t  s e c t i o n  of 

the  cyclone is jacketed t o  allow cooling of the  wal l ;  or a l t e r n a t i v e l y ,  i t  can be 

heated t o  achieve s u b s t a n t i a l l y  equal gas and wal l  temperatures. Temperature 

readings of the  gas dur ing  a run a r e  taken by a bare wire thermocouple pro jec t ing  

i n t o  the gas j u s t  upstream from the i n l e t  s e c t i o n  of t h e  cyclone; it is ca l ibra ted  

before  the  run by an a s p i r a t i o n  thermocouple in the  i n l e t  sect ion.  Temperature of 

the wall is measured by a thermocouple embedded i n  it a t  the  spot where the en ter ing  

gas  impinges, where coherent depos i t s  t y p i c a l l y  form (1.2). 

i n l e t  sec t ion  is smoothed with No. 320-grit emery paper before each test. 
The sur face  of the  

The feed  dust  in these  t e s t s  was suppl ied by t h e  Cataphote Divis ion of Ferro 

Corporation as Class  IV-A uncoated Unispheres of soda-lime g l a s s  i n  a nominal 13- 

44 p diameter. 

s i z e  ranged only between 20 and 51 pm, with 14% g r e a t e r  than 40 p and 3% smaller  

than 25 ym. 

A Coul te r  counter  s i z e  d i s t r i b u t i o n  ana lys i s  ind ica ted  t h a t  the  
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To determine the borderline of deposition we have made a total of nine runs 

with the glass spheres, of which seven were within about 50°C of a borderline region 

obtained by plotting wall temperature against gas temperature (Figure 2) .  

burner was operated to yield an oxidizing atmosphere at rates giving cyclone inlet 

velocities ranging from 30 to 50 fls; these velocities are comparable to those of 

laboratory tests with particles of pilot plant deposits. 

deposits of the spheres were observed at the jet impingement area in three of these 
tests. The results indicate that the borderline for firm deposition with equal gas 

and wall temperatures is between 800' and 85OOC. The slope of the borderline, which 
should depend mostly on the specific heat of the dust, is assumed to be parallel to 

the better-established borderline for the pilot plant deposits. which is also shown 
in Figure 2. In the future. we expect to make additional tests to establish the 
borderline more precisely and to determine the effect of variables such as velocity 
and size of particles. 

The 

Very light but firm 

We have chemically analyzed the glass spheres and from this estimated the 

viscosity at 800' and 850'C by means of the correlation equations of Lyon (4 .5 ) .  

The range of viscosity thus obtained over the above temperature range is 6.3 X lo5 

to 2.9 X lo6 poises. 
softening and working temperatures of glass ( 5 ) .  

DISCUSSION 

This is near the geometric mean of the viscosities at the 

According to Dietzel's correlation of the surface tension of glasses, glazes, 

and enamels with composition ( 6 ) ,  the surface tension of the pilot plant deposits is 
up to about 25% higher than that of the glass used here. Neglecting this difference 

and the effect of particle shape, we may conclude that the effective viscosity of 

the pilot plant deposit for borderline deposition in the laboratory hot cyclone is 

in the range reported above for the glass spheres. In the pilot plant or in a 

commercial plant with w c h  larger cyclones, considerable scale-up is required for 
application of our results. but we think it likely that they apply there also. 
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Figure 1.  LABORATORY HOT CYCLONE APPARATUS 
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Figure 2 .  BORDERLINE OF DEPOSITION 
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